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AďstraĐt 

OďjeĐtive: The ƌesults of seǀeƌal studies shoǁed that eŶeƌgǇ deŶsitǇ of food affeĐts ďoth 
satietǇ aŶd food iŶtake. NoŶe of theŵ has ĐheĐked the iŶflueŶĐe of eŶeƌgǇ deŶsitǇ
ǀaƌiatioŶ iŶ solid ŵeals iŶ oďese suďjeĐts. We eǆaŵiŶed the effeĐt of ŵeal ǀoluŵe oŶ
satietǇ poteŶĐǇ of food aŶd its effeĐt oŶ gluĐose aŶd iŶsuliŶ pƌofiles iŶ oďese suďjeĐts. 

DesigŶ: SuďjeĐts ǁeƌe seƌǀed a test ŵeal ;ŵilk puddiŶgͿ eƋual iŶ eŶeƌgǇ ĐoŶteŶt aŶd
ĐoŵpositioŶ ;fat, pƌoteiŶ, ĐaƌďohǇdƌateͿ aĐƌoss tǁo ǀoluŵes : ϮϱϬ ŵl aŶd ϱϬϬ ŵl. 

SuďjeĐts: StudǇ gƌoup: ϮϮ oďese suďjeĐts ǁithout additioŶal diseases, BMI: ϯϳ.ϵ + ϳ.ϭ. 

MeasureŵeŶts: The satietǇ state ǁas assessed oŶ VAS ďefoƌe aŶd afteƌ ĐoŶsuŵptioŶ test
ŵeal duƌiŶg ϭϴϬ ŵiŶutes of oďseƌǀatioŶ. DuƌiŶg the studǇ eǀeƌǇ ϯϬ ŵiŶ the ďlood ǁas
takeŶ to deteƌŵiŶe gluĐose aŶd iŶsuliŶ pƌofiles. 

Results: Theƌe ǁeƌe Ŷo diffeƌeŶĐes iŶ taste assessŵeŶt of ďoth test foods oŶ VAS sĐale. 
Food ĐoŶsuŵptioŶ ƌesults iŶ sigŶifiĐaŶt ƌeduĐtioŶ of huŶgeƌ aŶd iŶĐƌease of satietǇ
feeliŶgs iŶdepeŶdeŶtlǇ of food ǀoluŵe. The food ǀoluŵe had Ŷo iŵpoƌtaŶt iŶflueŶĐe oŶ
satietǇ status of studǇ patieŶts duƌiŶg ǁhole studǇ. OŶlǇ just afteƌ iŶgestioŶ ǁe oďseƌǀed
the sigŶifiĐaŶt ŵoƌe satiatiŶg effiĐieŶĐǇ of ďiggeƌ thaŶ sŵalleƌ ǀoluŵe. We didŶ't also
ŶotiĐe aŶǇ diffeƌeŶĐes iŶ plasŵa gluĐose aŶd iŶsuliŶ leǀels afteƌ iŶgestioŶ of ďoth food
ǀoluŵes. 

 
CoŶĐlusioŶ: Food ǀoluŵe has oŶlǇ liŵited iŶflueŶĐe oŶ satietǇ state diƌeĐtlǇ afteƌ ŵeal
ĐoŶsuŵptioŶ ďut Ŷot gluĐose aŶd iŶsuliŶ plasŵa ĐoŶĐeŶtƌatioŶs. 

KeǇǁoƌds: satiatioŶ, ǀoluŵe, oďesitǇ, food iŶtake 
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OďesitǇ is fƌeƋueŶt ĐoŶditioŶ iŶ deǀeloped ĐouŶtƌies [ϭ,Ϯ]. It is a ŵajoƌ ĐaƌdioǀasĐulaƌ ƌisk
faĐtoƌ aŶd the Đause of a laƌge Ŷuŵďeƌ of ĐoŵpliĐatioŶs. The epideŵiĐ of oďesitǇ is
pƌoďaďlǇ a ƌesult of iŶĐƌeasiŶg sedeŶtaƌǇ lifestǇles ĐoŵďiŶed ǁith easilǇ aǀailaďle
palataďle, eŶeƌgǇ deŶse food. The Đaloƌie ƌestƌiĐtioŶ aŶd iŶĐƌease of phǇsiĐal aĐtiǀitǇ aƌe
the ŵaiŶ ŵethods of oďesitǇ tƌeatŵeŶt. Loǁ Đaloƌie diets aƌe ǀeƌǇ effeĐtiǀe iŶ pƌoŵotiŶg
ǁeight loss, ďut loŶg teƌŵ ƌesults aƌe ǀeƌǇ disappoiŶtiŶg. It ŵaǇ ďe due to ǁoƌseŶiŶg of
self ĐoŶtƌol aŶd iŶĐƌeased feeliŶg of huŶgeƌ duƌiŶg the diet [ϯ]. This ĐaŶ ďe ƌesolǀed ďǇ
ƌeduĐtioŶ of dailǇ huŶgeƌ feeliŶgs aŶd iŶĐƌeasiŶg satietǇ afteƌ food ĐoŶsuŵptioŶ. OŶe
possiďle ŵethod of ƌesolǀiŶg this pƌoďleŵ is a suƌgiĐal tƌeatŵeŶt ;gastƌiĐ ďiŶdiŶgͿ, ďut it is
liŵited oŶlǇ foƌ ǀeƌǇ oďese suďjeĐts. AŶoƌeĐtiĐ dƌugs aƌe ǀeƌǇ useful aŶd theiƌ effiĐieŶĐǇ
ǁas pƌoǀeŶ iŶ ŵaŶǇ ĐliŶiĐal tƌials. The ŵaiŶ pƌoďleŵ of phaƌŵaĐotheƌapǇ of oďesitǇ is
safetǇ aŶd laĐk of eǀideŶĐe that lifeloŶg theƌapǇ pƌeǀeŶts ǁeight gaiŶ. AŶotheƌ issue is 
high Đost of these dƌugs. OŶ the otheƌ haŶd ƌesults of seǀeƌal studies shoǁed that eŶeƌgǇ
deŶsitǇ of food affeĐts ďoth satietǇ aŶd food iŶtake [ϰ].  

Studies that Đoŵpaƌed the effeĐts of fat aŶd ĐaƌďohǇdƌate oŶ ďoth satiatioŶ ;the aŵouŶt
eateŶ iŶ a ŵealͿ aŶd satietǇ ;the effeĐt oŶ suďseƋueŶt iŶtakeͿ, ƌeǀealed little diffeƌeŶĐe
ďetǁeeŶ these ŵaĐƌoŶutƌieŶts ǁheŶ the palataďilitǇ aŶd eŶeƌgǇ deŶsitǇ ǁeƌe siŵilaƌ.
Hoǁeǀeƌ, eŶeƌgǇ deŶsitǇ of foods has ďeeŶ pƌoǀed to haǀe a sigŶifiĐaŶt effeĐt oŶ ďoth
satietǇ aŶd satiatioŶ, iŶdepeŶdeŶtlǇ of palataďilitǇ aŶd ŵaĐƌoŶutƌieŶt ĐoŶteŶt. It is likelǇ
that the high eŶeƌgǇ deŶsitǇ of ŵaŶǇ high fat foods faĐilitates the oǀeƌĐoŶsuŵptioŶ of fat.
It seeŵs that eŶeƌgǇ deŶsitǇ of foods plaǇs ƌole iŶ the ƌegulatioŶ of food iŶtake [ϱ]. 

Soŵe authoƌs [ϲ, ϳ, ϴ, ϵ] iŶdiĐate that eŶeƌgǇ iŶtake ǁas diƌeĐtlǇ ƌelated to the eŶeƌgǇ
deŶsitǇ aŶd fat ĐoŶteŶt of diet. Hoǁeǀeƌ, Poppitt et all [ϭϬ] ƌeǀealed that ŵaĐƌoŶutƌieŶt
ĐoŵpositioŶ had a sigŶifiĐaŶt effeĐt oŶ shoƌt-teƌŵ huŶgeƌ; suďjeĐts ǁeƌe less huŶgƌǇ afteƌ 
the pƌoteiŶ pƌeload aŶd the suďjeĐts also had a loǁeƌ eŶeƌgǇ iŶtake afteƌ the pƌoteiŶ
pƌeload. It seeŵs that oŶlǇ pƌoteiŶ has a diffeƌeŶtial shoƌt-teƌŵ satiatiŶg effeĐt ǁheŶ 
iŶĐoƌpoƌated iso-eŶeƌgetiĐallǇ aŶd at a siŵilaƌ eŶeƌgǇ deŶsitǇ iŶto the diet. 

Soŵe iŶǀestigatoƌs haǀe ŵaŶipulated eŶeƌgǇ deŶsitǇ, ďǇ ǀaƌǇiŶg the ǁateƌ oƌ aiƌ ĐoŶteŶt
of food [ϭϭ]. This ŵaŶipulatioŶ iŶ pƌeload ĐoŵpositioŶ had sigŶifiĐaŶt iŶflueŶĐe oŶ
suďseƋueŶt eŶeƌgǇ iŶtake. Soŵe studies, hoǁeǀeƌ, haǀe Ŷot ƌeǀealed aŶǇ deĐƌease iŶ 
huŶgeƌ feeliŶgs afteƌ the ŵeal ǁith additioŶal aŵouŶt of ǁateƌ [ϭϮ, ϭϯ]. Most of these
studies haǀe eǆaŵiŶed diffeƌeŶt eŶeƌgǇ deŶsitǇ ǀaƌiatioŶ iŶ liƋuid test ŵeals. NoŶe of
theŵ has ĐheĐked the iŶflueŶĐe of eŶeƌgǇ deŶsitǇ ǀaƌiatioŶ iŶ solid ŵeals. AŶotheƌ 
liŵitatioŶ of these studies is laĐk of ƌeliaďle ŵeasuƌeŵeŶts eǀaluatiŶg iŵpoƌtaŶt
phǇsiologiĐal ƌespoŶses suĐh as ďlood gluĐose ĐoŶĐeŶtƌatioŶ. The pƌeseŶt studǇ assessed
the iŶflueŶĐe of eŶeƌgǇ deŶsitǇ of solid food oŶ appetite aŶd suďseƋueŶt ďlood gluĐose 
aŶd iŶsuliŶ ĐoŶĐeŶtƌatioŶ. 

Methods 

TǁeŶtǇ tǁo oďese suďjeĐts ;ϭϵ ǁoŵeŶ aŶd ϯ ŵeŶͿ ǁithout additioŶal diseases aged
ϰϮ+ϭϯ Ǉƌs ǁith a ŵeaŶ ďodǇ ŵass iŶdeǆ ;BMIͿ ϯϳ.ϵ + ϳ kg/ŵϮ  ǁeƌe ƌeĐƌuited fƌoŵ 
patieŶts ďegiŶŶiŶg  ǁeight loss tƌeatŵeŶt. NoŶe of patieŶts ǁas oŶ a diet to lose ǁeight 
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oƌ ǁas takiŶg aŶǇ ŵediĐatioŶ duƌiŶg last thƌee ŵoŶths. IŶfoƌŵed ĐoŶseŶt ǁas oďtaiŶed
fƌoŵ all the suďjeĐts aŶd the studǇ ǁas appƌoǀed ďǇ the EthiĐs Coŵŵittee of MediĐal
UŶiǀeƌsitǇ of Silesia. 

SuďjeĐts ǁeƌe iŶstƌuĐted to fast fƌoŵ ϴ p.ŵ. the daǇ ďefoƌe the studǇ. PatieŶts Đaŵe to
the laďoƌatoƌǇ at ϴ a.ŵ.; ǁeight aŶd height ŵeasuƌeŵeŶts ǁeƌe takeŶ. 

The eǆpeƌiŵeŶt iŶĐluded Ϯ ĐoŶditioŶs iŶ a siŶgle ďliŶded, ƌaŶdoŵized fashioŶ. OŶ tǁo
sepaƌate daǇs patieŶts eat isoeŶeƌgetiĐ ;ϯϭϬ kĐalͿ ďƌeakfast ĐoŶsistiŶg of ŵilk puddiŶg iŶ
tǁo diffeƌeŶt ǀoluŵes ;ϮϱϬ ŵl aŶd ϱϬϬ ŵlͿ. 

The ŵilk puddiŶg ǁith gƌeateƌ ǀoluŵe ǁas sǁeeteŶed ǁith aspaƌtaŵe aŶd thiĐkeŶ ďǇ
addiŶg gelatiŶ to ŵake a siŵilaƌ taste aŶd ĐoŶsisteŶĐǇ to the ŵeal ǁith sŵalleƌ ǀoluŵe. 

IŶsoluďle gelatiŶ ǁas added to the sŵall iŶ ǀoluŵe ŵilk puddiŶg to ŵaiŶtaiŶ the siŵilaƌ
ĐoŶteŶt. FiŶallǇ ďoth test ŵeals haǀe siŵilaƌ ĐoŶteŶt, ĐoŶsisteŶĐe aŶd theƌe ǁas Ŷo
diffeƌeŶĐe iŶ taste. 

The satietǇ effiĐieŶĐǇ ǁas eǆaŵiŶed oŶ VAS sĐale ďefoƌe ĐoŶsuŵptioŶ of the test ŵeal, 
afteƌ iŶgestioŶ aŶd theŶ eǀeƌǇ ϯϬ ŵiŶutes duƌiŶg ϭϴϬ ŵiŶ of oďseƌǀatioŶ. At the saŵe
tiŵe poiŶts ;eǆĐept diƌeĐtlǇ afteƌ ĐoŶsuŵptioŶͿ ďlood saŵples ǁeƌe ĐolleĐted to
deteƌŵiŶe seƌuŵ gluĐose aŶd iŶsuliŶ ĐoŶĐeŶtƌatioŶ. 

SuďjeĐts ƌated theiƌ huŶgeƌ, fullŶess aŶd pƌospeĐtiǀe ĐoŶsuŵptioŶ ;hoǁ ŵuĐh food theǇ
thought theǇ Đould eatͿ oŶ ϭϬϬ-ŵŵ liŶe oŶ VAS [ϭϰ]. 

Blood saŵples ǁeƌe ĐolleĐted iŶ hepaƌiŶized tuďes aŶd iŵŵediatelǇ ĐeŶtƌifuged, aŶd the
plasŵa ǁas stoƌed at -ϲϬo C uŶtil assaǇed.   

The seƌuŵ ĐoŶĐeŶtƌatioŶ of gluĐose ǁas assed ďǇ usiŶg the test kit ďǇ ĐoloƌiŵetƌiĐ
ŵethod ;CoƌŵaǇͿ, iŶsuliŶ ĐoŶĐeŶtƌatioŶ ǁas assed ďǇ ƌadioiŵŵuŶoassaǇ  ;DiagŶostiĐ 
PƌoduĐts CoƌpoƌatioŶ, USAͿ. 

 

StatistiĐal aŶalyses 

Data ǁeƌe aŶalǇzed ďǇ usiŶg StatistiĐa ϱ.ϭ foƌ WiŶdoǁs aŶd ǁeƌe shoǁŶ as ŵeaŶ + SE. 

The sigŶifiĐaŶĐe of diffeƌeŶĐes ǁas tested ďǇ paiƌed StudeŶt`s t-tests.  RelatioŶship 
ďetǁeeŶ gluĐose, iŶsuliŶ ĐoŶĐeŶtƌatioŶ aŶd VAS sĐoƌiŶg ǁas assessed usiŶg liŶeaƌ
ƌegƌessioŶ aŶalǇsis.   P< Ϭ.Ϭϱ ǁas ĐoŶsideƌed  statistiĐallǇ sigŶifiĐaŶt. 

Results 

All of the suďjeĐts Đoŵpleted the studǇ. Theƌe ǁeƌe Ŷo diffeƌeŶĐes iŶ suďjeĐts'
assessŵeŶt of taste aŶd appetite of ďoth test ŵeals. OŶ the VAS ϭϬϬ ŵŵ sĐale the test
ŵeals ǁeƌe ƌated as tastǇ aŶd ǁeƌe ǁell liked ;VAS ϳϴ + ϱ ŵŵͿ. CoŶsuŵptioŶ of ďoth 
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ǀoluŵes of ŵilk puddiŶg ƌesulted iŶ sigŶifiĐaŶt ƌeduĐtioŶ iŶ huŶgeƌ feeliŶg ƌatiŶgs aŶd
iŶĐƌease iŶ the satietǇ ƌatiŶgs. OŶ VAS sĐale, just afteƌ iŶgestioŶ, ǁe oďseƌǀed the
sigŶifiĐaŶt ŵoƌe satiatiŶg effiĐieŶĐǇ of ďiggeƌ thaŶ sŵalleƌ  ǀoluŵe. DuƌiŶg the ƌest of the 
studǇ ǁe didŶ't ŶotiĐe aŶǇ diffeƌeŶĐes iŶ huŶgeƌ aŶd satietǇ ƌatiŶg ďetǁeeŶ the ǀoluŵes
;Fig.ϭͿ. 

 
 
The ŵeaŶ fastiŶg seƌuŵ gluĐose aŶd iŶsuliŶ ĐoŶĐeŶtƌatioŶs didŶ't diffeƌ sigŶifiĐaŶtlǇ 
ďetǁeeŶ test daǇs ǁith ďig aŶd sŵall ǀoluŵe ŵeals ;gluĐose: ϵϮ.ϰ ŵg/dl ǀs ϵϰ.ϰ ŵg/dl,
iŶsuliŶ: ϭϲ.ϱ ǀs. ϭϯ.ϴ UI/lͿ. We oďseƌǀed ŵaǆiŵal ĐoŶĐeŶtƌatioŶs of seƌuŵ gluĐose aŶd
iŶsuliŶ ϯϬ ŵiŶ afteƌ ĐoŶsuŵptioŶ of ďoth laƌge aŶd sŵall ǀoluŵe of test ŵeal: gluĐose 
ϭϭϲ.Ϯ  ǀs. ϭϮϰ.ϱ ŵg/dl, iŶsuliŶ ϴϲ.ϳ ǀs. ϵϭ.ϰ UI/L, ƌespeĐtiǀelǇ. Theƌe ǁas Ŷo sigŶifiĐaŶt
diffeƌeŶĐe iŶ plasŵa gluĐose ;Fig.ϮͿ aŶd iŶsuliŶ ĐoŶĐeŶtƌatioŶ duƌiŶg ǁhole peƌiod of
oďseƌǀatioŶ. 
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We didŶ't fiŶd aŶǇ ĐoƌƌelatioŶ ďetǁeeŶ plasŵa iŶsuliŶ, gluĐose ĐoŶĐeŶtƌatioŶ aŶd huŶgeƌ 
aŶd satietǇ sĐoƌiŶg. At the eŶd of oďseƌǀatioŶ afteƌ ϭϴϬ ŵiŶ afteƌ ĐoŶsuŵptioŶ of test
ŵeal theƌe ǁas Ŷo sigŶifiĐaŶt diffeƌeŶĐe iŶ pƌospeĐtiǀe ĐoŶsuŵptioŶ assessed oŶ VAS foƌ
ďoth ŵeals.  

  

DisĐussioŶ 

Ouƌ ƌesults shoǁ that the ǀoluŵe of ĐoŶsuŵed food had a sŵall aŶd shoƌt effeĐt oŶ
satiatioŶ iŶ gƌoup of oďese patieŶts.  

OŶlǇ just afteƌ iŶgestioŶ of loǁeƌ eŶeƌgǇ deŶsitǇ ŵeal ;ďiggeƌ iŶ ǀoluŵe ŵealͿ  ǁe 
oďseƌǀed shoƌt sigŶifiĐaŶt deĐƌease iŶ huŶgeƌ ƌatiŶg aŶd iŶĐƌease satiatioŶ iŶ ĐoŵpaƌisoŶ 
to sŵall iŶ ǀoluŵe food. This effeĐt ǁas tƌaŶsieŶt aŶd  Ŷot oďseƌǀed duƌiŶg the ƌest of the 
studǇ. The ǀoluŵe of food had also Ŷo effeĐt oŶ gluĐose aŶd iŶsuliŶ plasŵa ĐoŶĐeŶtƌatioŶ,
ǁhiĐh ŵaǇ suggest that theƌe ǁas Ŷo sigŶifiĐaŶt iŶflueŶĐe of food ǀoluŵe oŶ gastƌiĐ 
eŵptǇiŶg ƌate [ϭϯ]. IŶ suďjeĐts ǁho digested diluted aŶd ĐoŶĐeŶtƌated ŵeal theƌe ǁeƌe
Ŷo diffeƌeŶĐes iŶ iŶteŶsitǇ aŶd duƌatioŶ of satietǇ, the aŵouŶt of eŶeƌgǇ iŶgested, ad
liďituŵ, ϲ h afteƌ the test ŵeal. Both the iŶteŶsitǇ aŶd duƌatioŶ of satietǇ Đoƌƌelated 
sigŶifiĐaŶtlǇ ǁith the gastƌiĐ eŵptǇiŶg tiŵe foƌ solids. These ƌesults shoǁ that satietǇ
depeŶds oŶ gastƌiĐ eŵptǇiŶg of eŶeƌgǇ aŶd is Ŷot affeĐted ďǇ the eŶeƌgǇ deŶsitǇ of food
iŶtake [ϭϱ]. 

The effeĐt of iŶĐƌeased satiatioŶ assoĐiated ǁith ďiggeƌ ŵeal ǀoluŵe ŵaǇ also ďe due to
the peƌĐeptioŶ of hoǁ ŵuĐh food is ďeiŶg ĐoŶsuŵed. We seƌǀed the ŵeals iŶ oŶe oƌ tǁo
dishes to eŶsuƌe that suďjeĐts Đould see that foods diffeƌed iŶ ǀoluŵe. It is likelǇ, that
seeiŶg the ďiggeƌ ǀoluŵe led to peƌĐeptioŶ that ŵoƌe eŶeƌgǇ ǁas ĐoŶsuŵed. Theƌe ǁas
Ŷo diffeƌeŶĐes iŶ suďjeĐts' ƌatiŶgs of pleasaŶtŶess aŶd taste of ďoth ŵeals. Rolls et al [Ϯϵ]
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eǆaŵiŶed ǁhetheƌ food ǀoluŵe aŶd eŶeƌgǇ ĐoŶteŶt affeĐted satietǇ iŶ leaŶ aŶd oďese
ǁoŵeŶ, ǁheŶ ǀisual aŶd oƌal Đues ǁeƌe ďǇpassed ďǇ iŶfusiŶg food iŶtƌagastƌiĐallǇ. The
ƌesults shoǁed that iŶĐƌeasiŶg the ǀoluŵe of iŶfused food, ďut Ŷot the eŶeƌgǇ ĐoŶteŶt,
affeĐted satietǇ iŶ ďoth leaŶ aŶd oďese ǁoŵeŶ. Theƌe ǁas a ϭϯ % ŵeaŶ deĐƌease iŶ
eŶeƌgǇ iŶtake at luŶĐh afteƌ the ϰϬϬ-ŵl pƌeload Đoŵpaƌed ǁith the iso-eŶeƌgetiĐ ϮϬϬ-ŵl 
pƌeload. IŶĐƌeasiŶg the eŶeƌgǇ ĐoŶteŶt of iŶfused food, ďut Ŷot the ǀoluŵe, did Ŷot affeĐt
satietǇ. Thus, ǁheŶ seŶsoƌǇ Đues ǁeƌe ďǇpassed, the ǀoluŵe of liƋuid food iŶfused
iŶtƌagastƌiĐallǇ affeĐted suďseƋueŶt eŶeƌgǇ iŶtake iŶ ďoth leaŶ aŶd oďese ǁoŵeŶ. These
ƌesults suggest that gastƌiĐ aŶd postgastƌiĐ ŵeĐhaŶisŵs aƌe iŶǀolǀed iŶ the effeĐts of
high-ǀoluŵe, loǁ-eŶeƌgǇ-deŶse foods oŶ satietǇ [ϭϲ]. 

AŶotheƌ issue is the faĐt, that laƌgeƌ ǀoluŵe ƌeƋuiƌes ŵoƌe tiŵe to ĐoŶsuŵe thaŶ sŵalleƌ
ŵeal iŶ ǀoluŵe. The tiŵe aŶd aŵouŶt of oƌal stiŵulatioŶ ǀaƌied ǁith ǀoluŵe of food aŶd
ŵoƌe effeĐtiǀe stiŵulatioŶ ŵaǇ ďe ƌespoŶsiďle foƌ shoƌt, ŵoƌe satiatiŶg effeĐt of laƌgeƌ iŶ
ǀoluŵe food iŶ ĐoŵpaƌisoŶ to sŵalleƌ oŶe. AŶotheƌ eǆplaŶatioŶ of shoƌt, ŵoƌe satiatiŶg
effeĐt of laƌgeƌ iŶ ǀoluŵe ŵilk puddiŶg is that the gƌeateƌ the ǀoluŵe of ŵeal the gƌeateƌ
the gastƌiĐ disteŶsioŶ eǆpeƌieŶĐed ďǇ the suďjeĐts. Seǀeƌal studies shoǁ that gastƌiĐ
disteŶsioŶ effeĐts food iŶtake [ϭϳ]. OŶ the otheƌ haŶd, seǀeƌal authoƌs didŶ't fiŶd aŶǇ
stƌoŶg ĐoƌƌelatioŶ ďetǁeeŶ gastƌiĐ ĐoŶteŶt ;assessed ďǇ sĐiŶtigƌaphǇͿ, huŶgeƌ aŶd satietǇ
ƌatiŶgs [ϭϴ,ϭϵ,ϮϬ]. Both ouƌ ŵeals ǁeƌe isoeŶeƌgetiĐ aŶd additioŶ of  gelatiŶ eŶaďles to 
get the saŵe appeaƌaŶĐe aŶd foƌŵ, the oŶlǇ diffeƌeŶĐe ďetǁeeŶ the ŵeals ǁas iŶ
aspaƌtaŵe ĐoŶteŶt; laƌgeƌ ŵeal ǁas sǁeeteŶed ďǇ additioŶ of sŵall aŵouŶt of
aspaƌtaŵe. Hoǁeǀeƌ ǁe ĐaŶŶot ƌule out the iŶflueŶĐe of this sǁeeteŶeƌ oŶ satiatioŶ,
seǀeƌal studies shoǁed that aspaƌtaŵe aloŶe iŶ ďeǀeƌages does Ŷot iŶĐƌease oƌ diŵiŶish
the iŶtake iŶ ĐoŵpaƌisoŶ to ǁateƌ [Ϯϭ,ϮϮ]. Moƌeoǀeƌ, it has ďeeŶ suggested that high
ĐaƌďohǇdƌate foods ŵaǇ iŶflueŶĐe eŶeƌgǇ ďalaŶĐe ďǇ ƌeduĐiŶg food iŶtake thƌough
gƌeateƌ satietǇ effeĐts, ƌeduĐiŶg eŶeƌgǇ deŶsitǇ aŶd displaĐiŶg fat fƌoŵ the diet-the fat-
sugaƌ seesaǁ effeĐt. Soŵe ƌeduĐed-fat aŶd higheƌ ĐaƌďohǇdƌate foods aƌe highlǇ eŶeƌgǇ
deŶse. High ĐaƌďohǇdƌate foods do Ŷot ŶeĐessaƌilǇ haǀe a loǁ eŶeƌgǇ deŶsitǇ. EǀideŶĐe
fƌoŵ ƌeĐeŶt studies suggests that addiŶg ĐaƌďohǇdƌate, aŶd espeĐiallǇ sugaƌ, does Ŷot
pƌoteĐt agaiŶst eleǀated eŶeƌgǇ iŶtake[Ϯϯ]. 

We ĐaŶŶot also eǆĐlude  that satiatioŶ effeĐt of iŶĐƌeased ǀoluŵe ǁas Ŷeutƌalized ďǇ
diŵiŶished effeĐt of deĐƌeased eŶeƌgǇ deŶsitǇ. Meal size aŶd eŶeƌgǇ deŶsitǇ ǁeƌe 
eǆaŵiŶed at oŶe tiŵe iŶ the studǇ. It ǁas shoǁŶ that laƌge poƌtioŶs of high-deŶse fiƌst 
Đouƌse iŶĐƌeased the Ŷuŵďeƌ of Đaloƌies ĐoŶsuŵed duƌiŶg the ŵaiŶ ŵeal. SuďjeĐts did
Ŷot diffeƌ iŶ huŶgeƌ aŶd fullŶess ďut the diffeƌeŶĐe iŶ ĐoŶsuŵptioŶ of Đaloƌies ǁas ϱϲ % 
[Ϯϰ]. 

The effeĐt of ŵeal size oŶ satiatioŶ ǁas eǆaŵiŶed ďǇ seǀeƌal studies. Foƌ eǆaŵple Holt et
al [Ϯϱ] assessed satietǇ poteŶĐǇ of ϯϴ isoeŶeƌgetiĐ foods aŶd fouŶd that the ŵost
iŵpoƌtaŶt faĐtoƌ affeĐtiŶg satiatioŶ is food ǁeight. AŶotheƌ ƌesults puďlished ďǇ Gƌaaf 
aŶd Hulsof [Ϯϲ] shoǁed  that ĐaloƌiĐ ĐoŶteŶt of ŵeal ŵoƌe theŶ food ǁeight affeĐts
suďseƋueŶt iŶgestioŶ. Hoǁeǀeƌ ďoth studies didŶ't take iŶto aĐĐouŶt the ŶutƌieŶts
ĐoŵpositioŶ of the test ŵeals, appeaƌaŶĐe, taste aŶd ĐoŶsisteŶĐǇ. These ǀaƌiaďles Đould 
haǀe iŵpoƌtaŶt iŶflueŶĐe oŶ huŶgeƌ aŶd satiatioŶ aŶd Đould pƌeĐlude pƌopeƌ assessŵeŶt
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of eǆaŵiŶed featuƌes. 

NutƌieŶt ĐoŵpositioŶ is thought to ďe ǀeƌǇ iŵpoƌtaŶt featuƌe iŶ food iŶtake ĐoŶtƌol.
BaƌkeliŶg et al [Ϯϳ], Hill aŶd BluŶdell [Ϯϴ], Rolls et al [Ϯϵ] pƌoǀed that high pƌoteiŶ
isoeŶeƌgetiĐ pƌeload eǆeƌt ŵoƌe sigŶifiĐaŶt satiatioŶ effeĐt thaŶ fat oƌ ĐaƌďohǇdƌate
pƌeload. Hoǁeǀeƌ, dietaƌǇ ŵaĐƌoŶutƌieŶts eǆeƌt diffeƌeŶtial effeĐts oŶ eŶeƌgǇ iŶtake.
NutƌieŶts eǆeƌt hieƌaƌĐhiĐal effeĐts oŶ satietǇ iŶ the oƌdeƌ pƌoteiŶ >ĐaƌďohǇdƌate > fat. IŶ
shoƌt-to-ŵediuŵ teƌŵ, iŶĐƌeases iŶ eŶeƌgǇ deŶsitǇ aƌe ŵoƌe effeĐtiǀe at iŶĐƌeasiŶg
eŶeƌgǇ iŶtake thaŶ at deĐƌeasiŶg food iŶtake. IŶ loŶgeƌ teƌŵ aŶd Đƌoss-seĐtioŶal studies 
ĐoŶduĐted iŶ ŶatuƌalistiĐ eŶǀiƌoŶŵeŶts, iŶĐƌeased eŶeƌgǇ deŶsitǇ appeaƌs ŵoƌe effeĐtiǀe
at deĐƌeasiŶg food iŶtake aŶd less effeĐtiǀe at eleǀatiŶg eŶeƌgǇ iŶtake [ϯϬ]. 

 These studies ƌeǀealed that the ǁeight of ŵeal is Ŷot the ŵost iŵpoƌtaŶt ǀaƌiaďle
affeĐtiŶg satiatioŶ. Foƌ eǆaŵple high fat diets lead to oǀeƌ ĐoŶsuŵptioŶ aŶd iŶ paƌt aƌe
ƌespoŶsiďle foƌ deǀelopŵeŶt of oďesitǇ [ϯϭ]. Moƌeoǀeƌ, GƌeeŶ shoǁed that high fat foods
;pƌoďaďlǇ due to higheƌ eŶeƌgǇ deŶsitǇͿ lead to a passiǀe oǀeƌĐoŶsuŵptioŶ ǁhiĐh
geŶeƌates a ƌelatiǀelǇ ǁeak satietǇ [ϯϮ]. 

Seǀeƌal studies iŶdiĐate the ƌole of food ǀoluŵe iŶ satiatioŶ ĐoŶtƌol. Rolls et al [ϯϯ]
shoǁed the ƌesults of the studǇ assessiŶg the iŶflueŶĐe of ǀaƌǇiŶg ǀoluŵe of pƌeload oŶ
suďseƋueŶt Đaloƌie iŶtake. The additioŶ of ǁateƌ to ŵilk-ďased pƌeloads affeĐts iŶtake iŶ 
suĐh patteƌŶ that as ǀoluŵe iŶĐƌeased less eŶeƌgǇ ǁas ĐoŶsuŵed at luŶĐh ϭϱ ŵiŶ lateƌ.
AŶotheƌ studǇ ĐheĐked the ƌesults of iŶĐƌeased ǀoluŵe of  food ďǇ aiƌ iŶĐoƌpoƌatioŶ 
ǁithout ĐhaŶgiŶg of eŶeƌgǇ deŶsitǇ [ϯϰ]. This puƌe effeĐt of iŶĐƌeased pƌeload ǀoluŵe 
sigŶifiĐaŶtlǇ iŶĐƌeased fullŶess aŶd ƌeduĐed huŶgeƌ aŶd eŶeƌgǇ iŶtake at luŶĐh. Soŵe
studies suggest that suďjeĐtiǀe appetite afteƌ the pƌeloads ǁas ƌeduĐed ďǇ the high-
ǀoluŵe pƌeloads ƌelatiǀe to loǁ-ǀoluŵe pƌeloads, ǁith Ŷo diffeƌeŶĐe ďetǁeeŶ the tǁo at 
eaĐh ǀoluŵe leǀel [ϯϱ]. Oďese peƌsoŶs iŶ ĐoŶtƌast to leaŶ suďjeĐts ŵaǇ haǀe Ŷo adeƋuate
satietǇ ƌespoŶse to the test ŵeal aŶd seǀeƌal studies shoǁed that iŶ this populatioŶ
satietǇ ƌespoŶse to the food is iŶadeƋuate [ϯϲ, ϯϳ]. StudǇ ĐoŶduĐted oŶ oďese peƌsoŶs 
ƌeǀealed that fat iŶ the Ǉoghuƌts ǁas less effeĐtiǀe iŶ ƌeduĐiŶg suďseƋueŶt food iŶtake
thaŶ ĐaƌďohǇdƌate[ϯϴ]. Hoǁeǀeƌ, soŵe studies deŵoŶstƌated Ŷo diffeƌeŶĐes iŶ satietǇ
ďetǁeeŶ oďese aŶd ŶoŶoďese eatiŶg high oƌ loǁ deŶsitǇ diet [ϯϵ]. 

SeĐoŶdlǇ, iŶ aďoǀe ŵeŶtioŶed studǇ, ϯϬϬ ŵl aŶd ϲϬϬ ŵl pƌeloads Đause oŶlǇ ϭϮ%
diffeƌeŶĐe iŶ Đaloƌie iŶtake at luŶĐh. This ǀalue is ŵaǇďe to sŵall to ďe deteĐted ďǇ VAS
ƌatiŶg iŶ oďese suďjeĐts. Foƌ eǆaŵple, iŶ aŶotheƌ studǇ Bell aŶd Rolls [ϰϬ] ƌeǀealed that ϲ 
% ƌeduĐtioŶ iŶ VAS sĐale ǁas ƌespoŶsiďle foƌ ϯϬ % ƌeduĐtioŶ iŶ ĐaloƌiĐ iŶtake ǁheŶ high
Đaloƌie food ǁas Đoŵpaƌed ǁith loǁ Đaloƌie. AŶotheƌ issue is the ǀoluŵe of food. IŶ ouƌ
studǇ ǁe Đoŵpaƌed ϮϱϬ aŶd ϱϬϬ ŵl ǀoluŵes ǁhiĐh ǁeƌe sŵalleƌ iŶ ĐoŵpaƌisoŶ to aďoǀe 
ŵeŶtioŶed studies, aŶd this diffeƌeŶĐes ŵaǇ ďe to sŵall to ƌeduĐe sigŶifiĐaŶtlǇ huŶgeƌ ϯϬ
ŵiŶ afteƌ iŶgestioŶ. 

The ƌesults of ouƌ studǇ suggest  that food ǀoluŵe has oŶlǇ liŵited iŶflueŶĐe oŶ huŶgeƌ
aŶd satietǇ aŶd suďseƋueŶt Đaloƌie iŶtake. Theƌefoƌe, loǁeƌiŶg eŶeƌgǇ deŶsitǇ of food 
Đould ďe a useful tool to help ŵaŶage oďesitǇ. 
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CoŶĐlusioŶs 

Food ǀoluŵe has oŶlǇ liŵited  iŶflueŶĐe oŶ satietǇ state diƌeĐtlǇ afteƌ ŵeal ĐoŶsuŵptioŶ
ďut Ŷot oŶ gluĐose aŶd iŶsuliŶ plasŵa ĐoŶĐeŶtƌatioŶs. 
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